Introduction
Breast cancer is a common cancer in female and one of the leading causes of cancer death in women. It accounts for 29% of all female new cancers and 15% of all female deaths due to cancers [1] .
LVI is a key step of tumor cells reaching lymph node, therefore LVI is known as an independent predictor of lymph node metastases. Lymph node-positive breast cancer has a poor prognosis. Most studies have found that LVI is a promising predictor, but the results are often conflicting. In breast cancer, LVI wis presented as an independent predictor of disease-free survival (DFS) as well as overall survival (OS) [2] [3] . The 2005 St. Gallen consensus guidelines suggested LVI was recognized as one of the factors upon which to base treatment plan decisions [4] .
The diagnosis of LVI was made based on the presence of tumor emboli within vessel lined by a single layer of endothelial cells without red blood cells. The monoclonal antibody D2-40 has often been used as a marker of lymphatic endothelium to identify tumor emboli in lymph vessels [5] . D2-40 stained the endothelium of lymphatic vessels and was useful and reliable in detecting LVI in invasive breast cancer. D2-40 staining showed that very few lymph vessels were present within the tumor mass and most of the lymphatic vessels were peritumoral.
Breast cancer was a heterogeneous disease, encompassing a number of distinct biological characters. The invasive breast cancer were divided into four clinic subtypes: Luminal A-like (ER and PR positive and HER-2 negative and low Ki-67), Luminal B-like (ER positive and HER-2 negative, and at least one of: high Ki-67; PR negative or low) or (ER or PR and HER-2 positive), HER-2 positive (HER-2 positive, ER and PR negative), and triple-negative (ER and PR and HER-2 negative) according to the expression status of ER, PR, HER-2, Ki-67. The prognosis and treatment strategy varied with subtypes. The current studies reported the relation between LVI and the four factors in invasive breast cancer, but the results were debatable [6] - [10] . So this meta-analysis was conducted to confirm the correlation between LVI and the expression status of ER, PR, HER-2, Ki-67.
Materials and Methods

Literature Search Strategy
Literature was searched by entering the terms: breast AND (neoplasms OR cancer OR carcinoma) AND (lymphovascular OR "lymph vessel" OR "lymphatic vessel" invasion OR carcinoma embolus) AND (ER OR PR OR estrogen receptor OR progesterone receptor OR HER-2 OR human epidermal growth factor receptor-2 OR Ki-67 OR clinicopathological) in Pubmed. The publish time of literature was unlimited. Only literature written in English language was included.
Inclusion Criteria
All of the following criteria had to be included in literature for this analysis: 1) Patients with breast cancer were not undergone radiotherapy, hormone therapy and chemotherapy before the pathological specimen were extracted; 2) The stages of the disease were T 1-4 N 0-3 M 0-1 or I-IV stages; 3) Hormone receptor status and Ki-67 were determined by hematoxylin and eosin (H & E) staining and immunohistochemical (IHC) analysis. HER-2 status was determined by an additional in situ hybridization (ISH) only when the result was equivocal. LVI was identified by IHC analysis with monoclonal antibody D2-40; 4) All literature in English language.
Exclusion Criteria
The literature in which the detection method of the LVI was undefined or HE or from which the interested numbers cannot be extracted was excluded.
Data Extraction
The following information was extracted from each eligible literature: authors' names, year of publication, expression status of ER, PR, HER-2, Ki-67 and LVI positive rate in each group.
Statistical Analysis
Rev Man 5.2 software was used to perform the meta-analysis. The odds ratio (OR) and 95% confidence interval (CI) were used to estimate the correlation of LVI and pathological factors in the invasive breast cancer. The Mantel-Haenszel method was used to combine the ORs for the outcomes. The fixed-effect model was used to calculate the pooled outcomes if the heterogeneity was not present. Each study was weighted according to the sample size. The heterogeneity among studies was defined significant when P < 0.1 for χ 2 test or I 2 > 50%. Fail-safe number was used for detecting publication bias according to the formula ( ) 2 0.05
Results
Eligible Literatures
The searching deadline was Dec 26 th , 2014. A total of 425 articles were identified from Pubmed, 17 articles were remained after exclusion based on the titles and abstracts. 1 duplication, 2 original articles in Chinese language, 1 original article in Portuguese language, 2 articles that could not provided interested data, 3 articles in which LVI was detected by HE and 3 original full texts that could not be obtained were removed. A total of 5 studies met the inclusion criteria for meta-analysis finally (Figure 1 ).
Characteristics of Included Studies
The final 5 studies were appraised critically. The 5 studies were published from 2007 to 2014 ( Table 1) . The judgement criterion of the ER, PR, HER-2 positive were not the same among the 5 studies. In the study of [Gujam FJ 2014], ER and PR status were assessed according to College of American Pathologists (CAP) guideline with cut-off value of 1% positive tumor nuclei. HER-2 status was assessed using microarrays. i.e. score 0 and 1+ were regarded as negative; 2+ was regarded as equivocal, leading to referral for HER-2 In Situ Hybridization (ISH); 3+ was regarded as positive. LVI was identified by tumor cells within D2-40 positively stained vessels. In the study of [Braun M 2008] , invasive tumors were judged to be receptor positive if either ER or PR was at least 1/12 (Remmele Score), the method and scoring system of the DAKO Hercep was used to test HER-2 status, HER-2 was classified as negative if DAKO Score was 0 or 1+ and as positive if Dako Score was 3+. In cases of DAKO Score 2+, a ISH test was performed. In the paper of [Lee JA 2011] , ER and PR status were assessed by standard IHC methods and were considered positive if the nuclear staining value was ≥10%. The cut-off value of high Ki-67 expression was ≥20%. The judgement standards were not mentioned in [Tezuka K 2007] . The judgement criterion of the ER, PR, HER-2 positive were the same as that in [Widodo I 2013] , while the cut-off value of high Ki-67 expression was ≥10%.
Correlation of LVI with ER, PR, HER-2, Ki-67 in Invasive Breast Cancer
LVI positive rates between ER positive and negative groups in invasive breast cancer were compared in 5 studies. There was no significant heterogeneity (I 2 = 11%, P = 0.35). In the fixed-effect model there was statistically significant difference between ER positive and negative group (OR = 0.6, 95% CI: 0.44 -0.81, P = 0.001) (Figure 2) , which suggested LVI positive rate was low in ER positive group.
Due to significant heterogeneity (I 2 = 90%, P < 0.01), the study of [Braun M 2008] was excluded. LVI positive rate between PR positive and negative groups in invasive breast cancer were compared in left 3 studies. There was no significant heterogeneity (I 2 = 0%, P = 0.72). In the fixed-effect model there was statistically difference between PR positive and negative groups (OR = 0.64, 95% CI: 0.43 -0.95, P = 0.03) (Figure 3) , which suggested LVI positive rate was low in PR positive group.
LVI positive rates between HER-2 positive and negative groups in invasive breast cancer were compared in 4 studies. There was no significant heterogeneity (I 2 = 0, P = 0.61). In the fixed-effect model there was statistically difference between positive and negative HER-2 groups (OR = 1.52, 95% CI: 1.03 -2.24, P = 0.04) (Figure 4) , which suggested LVI positive rate was low in HER-2 negative group.
LVI positive rates between high and low Ki-67 expression groups in invasive breast cancer were compared in 2 studies. There was no statistically heterogeneity (I 2 = 41%, P = 0.19). In the fixed-effect model there was statistically difference between high and low Ki-67 expression groups (OR = 5.29, 95% CI: 1.53 -18.35, P = 0.009) (Figure 5) , which suggested LVI positive rate was low in low Ki-67 expression group.
Evaluation of Publication Bias
As reports on LVI detected by D2-40 are rare in breast cancer, the publication bias can't be totally excluded. The publication bias were not visualized by funnel plot due to fewer articles, the fail-safe number could demonstrate that the publication bias existed probably in PR, Her-2 and Ki-67 sub-analysis in this meta-analysis. Adding articles maybe enhance the accuracy and reduce the publication bias in the future.
Discussion
The combined results indicated that LVI was correlated with the expression status of ER, PR, HER-2 and Ki-67 respectively in invasive breast cancer. And the LVI could act as a predictor of poor prognosis for invasive breast cancer.
Breast cancer with ER or PR positive is an indication for endocrine therapy, its prognosis is better than breast cancer with negative ER and PR. ER and PR status were assessed with cut-off value of 10% positive tumor nuclei according to the previous CAP guideline, 2010. The new CAP guideline for hormone receptor testing recommended that tumors with at least 1% positive tumor nuclei for ER and/or PR should be designated hormone receptor positive [11] , specialist recommended adjuvant endocrine therapy in almost all patients with breast cancer in the presence of any detectable PR/ER [12] . The judgement criterion of the ER, PR status did not accord in the included 5 studies, but merge OR confirmed LVI positive rate was lower in ER positive group than that in ER negative group and there was significant difference statistically (P = 0.0010).
PR was associated with slow growth, better differentiation, and better overall prognosis. PR positive could enhance the sensitiveness of breast cancer to endocrine therapy significantly. So the St Gallen Meeting (2013) modified the classification criterion [13] . They increased the cut-off value of PR from previous 1% to current ≥20% in distinguishing "Luminal A-like" from "Luminal B-like" subtypes according to survival differences, and best correspond to Luminal A like subtype [14] . Braun M et al. adopted different judgement criterion of the PR expression status detected by IHC in the included 4 studies, which led to obvious heterogeneity in PR analysis group (I 2 = 90%). Therefore the data on PR in [Braun M 2008] was excluded. The result confirmed LVI positive rate was lower in PR positive group than that in PR negative group and there was difference statistically (P = 0.03).
HER-2 was an oncogene coding for a tyrosine kinase receptor that activated critical signal transduction pathways resulting in an aggressive phenotype and poor outcome in breast cancer [15] , approximately 15% of patients with breast cancer had the overexpression of the HER-2 protein [16] . Brain metastases were common in patients with HER-2 positive metastatic breast cancer, with up to half of patients experiencing brain metastases. The individual OR value of the 4 studies ranged from 0.76 to 1.98 which indicated that the studies were not consistent about the relation between LVI and HER-2. But the meta-analysis confirmed LVI positive rate was significant lower in HER-2 negative group than that in HER-2 positive group statistically (P = 0.04).
Ki-67 was an independent prognostic factor for disease free survival (DFS) in breast cancer [17] . Many studies have investigated the IHC expression of Ki-67 as a predictor for breast cancer [18] . The higher the Ki-67 expressed, the faster the tumor proliferated, the poorer the prognosis was. The choice of the cut-off value had a major impact on practice as it determined which patients were classified as "high Ki-67", and which had a poorer prognosis and should receive more aggressive therapy. The St Gallen Meeting determined that the Ki-67 was chiefly important for distinguishing "luminal A-lke" from "luminal B-like" breast cancer subtypes with a cut-off value of 14% [19] . The meta-analysis confirmed LVI positive rate was significant higher in high Ki-67 expression group than that in low Ki-67 expression group statistically (P = 0.04).
In summary, LVI was significantly correlated with the expression status of ER, PR, HER-2 and Ki-67 in invasive breast cancer and was consistent with poor prognostic status of the four factors and showed an aggressive predictior. Thus, it is considerable to list LVI as a marker of clinical typing for breast cancer, anti-LVI therapy maybe become new therapeutic target for breast cancer.
